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ABSTRACT

A computer model was developed to calculate
residual radiocactive material guidelines for the
U.S. Department of Energy (DOE). This model,
called RESRAD, can be run on an IBM or IBi-
compatible microcomputer. Seven potential
exposure pathways from contaminated soil are
analyzed, including external radiation exposure
and internal radiation exposure from inhalation
and food ingestion. The RESRAD code has been
applied to several DOE sites to derive soil
cleanup guidelines. The experience gained
indicates that a comprehensive set of site-
specific hydrogeologic and geochemical input
parameters must be used for a realistic pathway
analysis. The RESRAD code is a useful tool; it
is easy to run and very user—fiiendly.

INTRODUCTION

The U.S. Department of Energy (DOE) has
established radiological protection guidelines
for cleanup of residual radioactive material
located at sites administered under its Formerly
Utilized Sites Remedial Action Program (FUSRAP)
and Surplus Facilities Management Program
(SFMP)." The guidelines establish radionuclide
concentrations or radioactivity levels that are
acceptable if the site is to be used without
radiclogical restrictions. QCuidelines can be
categorized as either (1) generic (or site-~
independent), i.e., taken from existing radiation
protection standards, or (2) site-specific, i.e.,
derived from the basic dose limit (1O mrem/yr)
using site-specific models and data. Generic
guidelines for radium-226, radium-228,
thorium-230, and thorium-232 are presented in

Reference 1. For other radionuclides, procedures
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and data for deriving site-specific soil guide-
lines are provided in a report entitled A Manual
for Implementing Residual Radioactive Material
Guidelines. These procedures and data are coded
in a microcomputer model called RESRAD.

ENVIRONMENTAL PATHWAYS

The RESRAD model calculates the potential
radiation doses resulting from seven potential
exposure pathways: (1) direct exposure to
external radiation from contaminated soil
materials, (2) internal radiation from inhala-
tion, (3) internal radiation from ingestion of
plant foods grown on-site and irrigated with
water drawn from an on-site well or pond,

(4) internal radiation from ingestion of meat
from livestock fed with fodder grown on~site and
water drawn from an on-site well or pond,

(5) internal vadiation from ingestion of milk
from livestock fed with fodder grown on-site and
water drawn from an on-site well or pond,

(6) internal radiatior from ingestion of aquatic
foods (fish) fror a nearby pond, and (7) internal
radiation from drinking water from an on-site
well or pond. If certain pathways are considered
to be negligible or not contributing to the total
dose, they can be eliminated by setting certain
parameters to zero in the RESRAD code. The
theoretical basis, calcularional models, and data
bases for RESRAD are described in detail in
References 2 and 3.

PROGRAM DESCRIPTION AND REQUIREMENTS

The RESRAD model was developed for use on an
IBM or IBM-compatible personal computer. The
program is designed with various user-friendly
features, including internal help files for
information on input and output data, with an
optional mouse to show default data values. A
DOS 3.1 or equivalent operating system, a hard
disk drive, and approximately 400K of memory are
required to run RESRAD; a mathematics coprocessor
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RESRAD consists of two main programs, KESPC
and RESMAIN. RESPC is a compiled Basic program
(Microsoft QuickBASIC 4.5) that handles all user
interaction with RESRAD, and RESMAIN is the
Fortran code (Lahey F77L, Ver. 3.01) that does

the actual computations and generates the output
tables.

RESPC is loaded first {(via RESRaD.BAT,
NEXT.ORI, and NEXT.BAT). Within RESPC, the user
may inpur selected site-specific data files,
review and/or madify the parameters, save the
data in a selected file, view and/or print
selected results from the last RESMAIN compu-
tation, and run RESMAIN for a new computation.
If RESMAIN 1s called, RESPC is reloaded auto-
matically when RESMAIN completes, and the user
may continue with any of the RESPC optioms.

To conserve memory, RESMAIN is organized
with an overlay structure. The code is highly
optimal in that no averlay is called a second
time. PLINK86plus, Ver. 2.24, Phoenix Tech-

nologies Ltd., 1s the overlay linkage editor
used.

MAIN MENU

The main menu (R010), as shown in Figure 1,
is the starcing point for using RESRAD. It is
also the return point after completion of
RESRAD's calculation phase. By selecting the
ma jor data and function categories, all input
data and output reports are accessible from rhe
main menu. To terminatz: RESRAD, press "Esc"
while the main menu is on screen.

Instructions for interactive use of the code
are provided in help files that can be displayed
on the screen by pressing the "F1" or "F2"
function key. Menu items are selected in the

main menu (ROl0) by entering the appropriate iiem
number and pressing "Enter." Items 1-9 display
input forms on the screen, item 10 calculates
results for the current set of parameters, and
item 11 displays the output (summary or detailed
report) from the last RESRAD run, or the user may
view any selected ASCII file.

INPUT FORMS

Input data needed by RESRAD are accessible
in a series of input forms. Figures 2-10 show
the RESRAD input menus corresponding to items 1-9
on the main menu (see Figure 1). The input data
shown on the input menus are the default data
used in RESRAD. After an input form has been
called for display, its input data can be
reviewed and changed from the terminal. Pressing
the "F10" function key will record all displayed
entries and return control to the main menu. The
changes madz after an input form has been
modified (but before it has been recorded) can be
canceled by pressing the escape ("Esc") key.
Recorded data are retained until changed again.

FXECUTION AND QUTPUT OPTIONS

When option 10 of the main menu-is selected,
RESRAD enters its RESMAIN computation and report
generation phase. After RESMAIN execution is
completed, the main menu (ROL0) will anpear on
the screen, and the user may continue with any of
the options. However, the customary course will

be to examine the output reports just generated
via main menu option 1l.

When option 1l is selected, the user is
promprted to select for viewing the summary or
detailed report from the last RESRAD run or any
ASCII file. The last option is particularly

RESRAD: Residual Radioactive Material Program

(R0O10)

RESRAD Main Menu
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. Execute the code

11.

You may now access spacific RESRAD data, or you may run the RESRAD code.
Major Data and Function Categories —mm————————

. Title, user data files, and contaminated zone parameters
. Initial concentrations of principal radionuclides

. Contaminatad zone hydrological data

. Saturated zone hydrological data

. Uncontaminated and unsaturated strata hydrological data
. Distribution coefficients and leach rates

. External gamma and dust inhalation parameters

. Ingestion pathway data, dictary parameters

. Ingestion pathway data, nondietary parameters

View latest RESRAD output (or any ASCII file)

Enter 1-11 from above list tc select data or function catagory: 1
Qr preas "F1" or "F2" for HELP, or “Esc* to EXIT from RESRAD system.

FICURE 1 Main Menu for RESRAD



Lseful.for examining saved output from a prior
RESRAD run. It should be noted that it is not
necessary to execute RESRAD (or, more strictly,
~ESMAIN) before using option ll. 1In general,
SUMMARY .REP and DETAILED.REP files from the last
RESRAD run will be available and may be examined
ar any time. However, if appropriate, the user
will be warned that the reprrt file may not match
the current site-specific data file.

Summary Report

When the summary report option is selected,
the first page (table of contents) of a multiple
page summary report is displayed on the screen.
The table of contents is shown in Figure 1L,
Subsequent report pages can be displayed by
entering the page number and pressing either the
"Enter' or "F10" funcrion key. Pressing "Esc"
will return to the main menu, ROL0. On-line
help, primarily key strokes to aid in the page
display, is available via the "F1" function
key. Function keys "F7" and "F8" can be used to
produce hard copy output.

Detailed Report

When the detailed report option is selected,
the first page (table of contents) of a multipage
detailed report is displayed on the screen. A
typical table of contents is shown in Figure 12.
Individual report pages can be displayed and
printed (or saved) in the same menner as for the
summary output displays. The detailed displays
present all of the intermediate calculation
results. Users will not normally make use of
these tables. The detailed data are used for
verifying the code and can be useful for gaining
insight into the transport mechanisms by enabling
a more detailed investigation of the effect of
parameter changes on pathway factors, environ-
mental transport factors, and dose/source ratios
for the different pathuays.

DISCUSSION AND CONCLUSIONS

A computer program called RESRAD has been
developed for DOE to calculate site-specific
residual radiocactive material guidelines for
FUSRAP and SFMP sites. The code calculates
potential radiation doses to individuals
resulting from various potential exposure
pathways. RESRAD is menu-driven with help files
and built-in features to facilitate data
manipulations. It is easy to install and can be
vrun on an IBM or IBM-compatible microcomputer.

The RESRAD code has been applied tu darive
soil cleanup guidelines for several FUSRAP sites
currently being decontaminated.®”® The code is a
useful tool, easy to run, and very user-friendly.
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RESRAD: Residual Radiocactive Material Progranm {RO1)

Title, User Data Files, and Contaminated Zone Parazeters

You may now view or medify any of the following parameters.

Titla: RESRAD Sample Data {EEISEfme o vgy CoXEA T s

ST I |

Site-specific data file (initial): RESRAD.DEF .
Site-specific data file (final): SAHPLB.pAT
Printer output (LPTl or file): LPTl il

Area of contaminated zone:
Thickness of contaminated zone:
Langth parallel to aquifer flow:

square meters
wi meters
1] metars

Basic radiation dose limjit: milliren/year

Times for calculations: 12333 102 ioo M 10003 10o0d 0 =083 21 6UED) 0=

{years since initial time, 32767 is maximum)

Press “Fl® cr “F2" for HELP, or “"Esc* to IGNORE CHANGES and return to main menu.
Preas "F1l0™ to SAVE DATA AND CONTINUE.

FIGURE 2 Input Form ROll for Title, User Data Files, and
Contaminated Zone Parameters

RESRAD: Residual Radioactive Matarial Program (RO12)
Initial concentrations of Principal Radionuclides
§1(0) Si(0) si(o)

Radionuclide {pci/q) Radlonuclide {(pCi/q) Radionuclida (pci/q)
Ac-227+021 O 0. Am=2434D if
c-14 sTenid 0 0 Cm=244 Jussd

o 0 i

a a

0 i 0

0 Ni-63 &z2:01 0

[} Pb=210+D.1 0O

L] Pu-240.-.4 0.

0 Ra-226+D 0 -

0 Sr-90+D .1 0
Th-228+D.: o Th-229+0D i 0
Th=232...8] 0.l U-232_.. 5 0.
U=234 .;.r;;:l 1 U-2325+D_J 0O .
U=2238+D 0 1lui [NV AU - N

Praxs "Fl® or "F2" for HELP, or "Eac" to IGNORE CHANGES and retur:. to main menu.
Press "Fl0" to SAVE DATA AND CONTINUE.

FIGURE 3 Input Form ROI2 for Initial Concentrations of
Principal Radionuclides

RESRAD: Residual Radicactive Material Program (RO13)

Cover and Contaminated Zone Hydrological Data

Cover depth: 0 meters

Density of cover material:
Cover erosion rate:

Density of contaminated zone:
Contaminated zone eroaion rate:
Contaminated zone total porosity:
Contaminated zone effective porosity:
Contaminated zone hydraulic canductivity:
Contaminated zone b parameter:

Evapotranspiration ceefficient: ,6 .7

Precipitation: 1 . —

Irrigation: .2
Irrigation mode: O

grams/cubic centimeter
meters/year

grams/cublc
meters/year

centineter

metars/year

ey |

_| meters/year

—i’| maters/year

(0 _for overhead: 1 for ditch)

Runoff coefficient: .2 . PN
Watershed area for nearby stream or pond: 1000000 ..._.1) square metars

Press "F1" or "F2" for HELP, or “Esc" to IGNORE CHANGES and return to main menu.
Press "FL0" to SAVE DATA AND CONTINUE.

FIGURE 4 Input Form ROL3 for Cover and Contaminated Zone
Hydrological Data




RESRAD: Residual Radicactive Material Pregqranm (RO14)

Saturated 2one Hydrological Data

You may now zodify any of the following hydrological parameters.

Density of saturated zone: 17677 797) grams/cubic centimeters
Saturated zone total porosity: . o
Saturated zone effective porosity:
Saturated zone hydraulic conductivity: d
Saturated zone hydraulic gradient: PE e
Saturated zone b parameter: 5.3 T .l.:3d (only if WTDR .NE. 0)

meters/year

Distance from surfaca to water table:
wWater table drop rate (WTDR):
Wall pump intake depth:

<] maters
1] meters/year
‘i meters balow water table

Hodel for Water Transport Parametars

Nondispersion or Mass-Balance: 0 227RLTFINEE (0 for ND, 1 for MB)
Individual's usa of gr dwater: 130__.2 2 mewl/year (only if NB)

Prasa "Fl% or "F2" for HELP, or "Esc" to IGNORE CHANGES and return to main menu.
Press "F1l0" to SAVE DATA AND CONTINUE.

FIGURE 5 Input Form RO14 for Saturated Zone Hydrological Data

RESRAD: Residual Radiocactive Material Prograa (RO1S)

Uncontaminated and Unsaturated Zone Hydrological Data

You may now modify the following hydrological paraneters
for tha unsaturated zone below tha contaminated Zone.

Sat the thickness to > 0 to astablish a stratum, or
set tha thickness = 0 to delata tha stratum and erase all data.

Unsaturated Strata

Thickness (meters): £ 5.0

Soil density (grams/cubic cm): 1.6

Total poroaity: .4

Effective porosity: .2

Soil-specific b parameter: 5.)

Hydraullc conductivity (metaers/year): 100 .

Press "F1* or “F2* for HELP, or “Esc® to IGNORE CHANGES and return to main menu.
Press “F10" to SAVE DATA AND CONTINUE.

FIGURE 6 Input Form ROl5 for Uncontaminated and Unsaturated Zone
Hydrological Data

RESRAD: Residual Radioactive Material Program (RO16)

Distribution Coefficients and Leach Rates

You may now modify any of the following parameters.

Distribution Coefficients (cm**)/g)
("=" prefix on nuclide shows decay product only}

Zone U-234 __1 U-238. 1 sPb-210! *Ra-226] sTh-230|
Contaminazed
Unsaturated 1
- 2
- k]
" 4
L] 5 R . il :
Saturated . : ] ) ] SEILTY TG

Leach rates
(year®#*-1): InIha) v EoaTY 0 WIFTR o TIETNTH o IURWERY 2EMNTROGY ST
Press "F5* (or “F&™) to view previous (or next) 7 radionuclides.
Press “F1" or "F2" for HELP, or "Esc” to IGNORE CHANGES and return to main menu.
Press “"F10" to SAVE DATA AND CONTINUE.

FIGURE 7 Input Form ROl6 for Distribution Coefficients
and Leach Rates



RESRAD: Residual Rad:iocaczive Material Program (RO17)

ExZernal Gamma and Dust Inhalation Parameters

You =2ay now modify any of the following parameters.

Inhalation rate: B8400.3T<7™] cubic meters/vear
Mass loading for inhalation: T0002 74 grams/cubic meter
Occupancy factor (inhalation): T45 727T
Shape factor (external gamma): YTCETZItTRERy

Helght of mixing for airborne dust (inhalation): FNIDTNTY peters

Occupancy and shielding factor (external gamma): T62:

Presa “Fl™ or "F2" for HELP, or ™Esc" ta IGNORE CHANGES and rsturn to main menu.
Press "Fl0" to SAVE DATA AND CONTINUE.

FIGURE 8 Input Form ROl7 for External Gamma and Dust
Inhalation Parameters

RESRAD: Reaidual Radicactive Material Program (RO18)

Ingastion Pathway Data, Dietary Parametars

You may now modify any of the following parameters.

Fruits, vegetables and grain consumption: kilograns/year
Laafy vegetable ation: kilograns/year
Milk cansumption: liters/year
Heat and poultry consumption: kilograms/year
Fish consumptian: kilograms/year
Other aguatic food ption: } kilograms/year
Drinking water intake: liters/year
Praction of drinking wvatar from site: (0-1)
Fraction of aquatic foods from site: (0-1)

Press “F1® or "F2" for HELP, or "ESc" to IGNORE CHANGES and return to main menu.
Press "“F10" to SAVE DATA AND CONTINUE.

FIGURE 9 Input Form ROl8 for Ingestion Pathway,
Dietary Parameters

RESRAD: Residual Radicactive Material Program {RO19)

Ingestion Pathway Data, Nondietary Parameters

You may now modify any of the following parameters.

kilograns/day

Livestock fodder intake for meat: ¢
" " " " kilograms/day

milk:

liters/day

Livestock water intake for meat: )
- - hd " i liters/day

milk:

Mass loading for foliar deposition: 7
Depth of aclkl mixing layer:
Depth of roots:

grams/cubic meter
meters
metars

Groundwater Fractional Usaqge (balance from surface water)

pDrinking water: 17:iFIrT
Livestock water: 1.
Irrigation: 1.

(0-1)
{0-1

andbaszinad (9-1)

Press "F1" or "F2" for HELP, or “Esc" to IGNOKE CHANGES and return to main menu.
Press “F10" to SAVE DATA AND CONTIHUE.

FIGURF 10 Input Farm ROl9 for Ingestion Pathway,
Nondietary Parameters



Residual Radicactivity Program, Version 3.11 05/15/89 15:06 Page 1\
Sumhary : RESRAD Sarple Dats File: SAMPLE DAT

Tuble of Contents

Part l: Miature Sums and Single Radionuclide Guidelines

Site-Specitic Parameter SUMMArY . ....ceeuiuvnviennann.. ons 2
Cantaminated Zone ard Total Dose Summary ................. 5
Total Dose Canponents
Time = 9 ... ]
Time = 1 7
Time 2 12 ]
lime = 100 14

Time ® 1000 tereieerisnacnsennasssersansasssnesensees 10
Time ® 10000 vnesvannennnnseenssenseennacnsnvoseanaes 11
Dose/Source Ratios and Radionuciide Soil Guidelines ...... 12

FIGURE 1l Typical Table of Contents for Summary Report

Residual Radicactivity Program, Version 3,11
Detailed: RESRAD Sample Data

05/15/89 15:06 Page 1
File: SAMPLE.DAT

Table of Contents

Part 11; Source Terms, Factors, and Parameters for Individual Pathways

Iteration .ogs
Kaximm U-23% Dose/Source Ratio ..
Waximm -238 Dose/Source Ratio coveveeieenenon.o.. .
Maximum Total Dose ...... Nheteresarteeratreraacnararns
Source Factors for Ingrowth and Decay
Ground Pathuay
SOUrCE TErm Parameters veineescsornencaannencncannans
Time Oependerce of Source GEOMELrY ......cecveeneennn
Occuparcy, Area and Depth FACTOPS ...viveveenveneess
Dose Conversion and Envirormental Transport Factors .
Dose/Source Ratios .......... eimreeerenas
Inhalation Pathway
Dose/Source Ratios
Pathuay Faetors coieoveieionanenncnoans T cevansen
Grounduater and Surface Water Pathway Segments
Transport Time Parameters for Unsaturated Zone Strata
Dilution Faczor and Rise Time Parameters for
Nondispersion (ND) Model ....

Water/Soil Concentration RA%IOS .......ueeovanonon...
Food Pathuays

Area and Depth Factoers ......

VWater Exposure Factors ...... esteiiaiiiatcnanerenony

Plant

Dose/Source Ratios
Plant ...ocviiiicnnnnn,
Plant Total ......

Orinking Vater ..,...
Concentration Ratios

Plant/Air and Plant/Water ...........
Plant/sail ..... PR

Meat/Soil ...........
Milk/soit ...

FIGURE 12 Typical Table of Contents For Detajled Report
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